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DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a display device , and^ 
more particularly . to a technique which is of f ootivoly 
applicable to gamma correction of a video signal voitagei 



applied to respective pixel^. 

DEGCRIPT1UN OF THE KELATiflfr - ART 

A liquid crystal display module of a TFT (Thin Film 
Transistor )pS3Efee<d has been popularly usedj[as a display device 
a^^a notebook type personal computer or the like. 

As %te ^liquid crystal display module, a display module t\ 



which moufttc thin film transistors (TFT)^on a polysilicon layer 
(hereinafter referred to as polysilicon type liquid crystal 
display module) has been known. 

Further , as such a liquid crystal display module, there 
has boon k nown ^a display module { adoptin g a method (hereinafter 
referred to as a PWM method) in which display data within one 
horizontal scanning line period aa?^ stored^ and reference data 
which a*e^ sequentially increased or decreased within one 
horizontal scanning line period a*e/ generated/^ the stored 
display data and the reference data are compared to each other 
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and^when these data coincide with each other , a video signal 
voltage generated by a video signal voltage generating circuit 
is sampled and is applied to respective pixels (see Japanese 
Unexamined Patent Publication Hei6 ( 1994 ) -178238 (hereinafter 
referred to as patent literature 1 ) , Japanese Unexamined Patent 
Publication Heill ( 1999 ) -272242 (hereinafter referred to as 
patent literature 2)). 

As the video signal voltage generated by the above- 
mentioned video signal voltage generating circuit, a voltage 
having an inclined voltage waveform (hereinafter referred to 
as a ramp voltage) is used. 

r r\ r\ f\ *■> -i 



SUMMARY OF THE INVENTION 



As described nilnr in the above-mentioned patent 
literature 1, with respect to the video signal voltage^ applied 



to each pixel , it is necessary to perform t&e gamma correction 
by taking a transmissivity curve of j liquid crystal into 
consideration. In the liquid crystal display device described 
in the above-mentioned patent literature 1 and patent 
literature 2, iste gamma correction is performed by a video 
signal voltage generating circuit. 

Fig. 18 is aviwjphowing one example of the conventional 



gamma correct ionj ^method and ohowo tho - gamma oorroction mothod 
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disclosed in Fig. 7 of the above-mentioned patent literature 
1 or in Fig. 14 of the above-mentioned patent literature 2 . 



^ As can be understood from these drawings ,^ the gamma 
correction method described in the above-mentioned patent 
literature 1 and patent literature 2 is- a meLliud which modulate s * 
an output of a ramp generating circuitjin conformity with the 
required gamma characteristics. . 

To be more specif ic, ^this method^ io a method in which 
the gamma characteristics are stored in a memory (MM) in advance , 
values of the memory (MM) are sequentially read out^andj^are 
converted into an analogue voltage using a digital /analogue 
converter (DAC). -n^^f Tn Fig. 18 , reference symbol AMP 
indicates an amplifier which amplifies the analogue voltage 
obtained by ^reconversion ^Jthe digital /analogue converter 
( DAC )y and a reference symbol RAMP^fe a ramp voltage outputted 
from the amplifier (AMP). 

However, injythe above-mentioned methods , it is necessary 



to provid e^^&^di^ tal /analogue converter having a high 
resolution , ^lAU J ^Ui^ gr^circuit scale of the digital/analogue 



converter havingjhigh resolution becomes large-sized^and frteJ^V 
extremely high accuracy is required^ thus giving rise to 



/that it is difficult to form the digital/analogue 



converter on a substrate on which a display panel is formed. 
Further , although output of the ramp generating 
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circuit is delayed due to ^wiring capacitance ofj(video signal 
lines (drain lines) in the display panel , ^voltage error caused 
by this delay depends on the inclination of a^rarnp voltage with 
respect to time. 

In performing fcfce gamma correction , the inclination 
differs in respective regions^ and the maximum inclination 
assumes a large value. Accordingly, there arises a drawbacks! 



that the error is incrgased^and, at the same time, «ajamount 
of error differs amongA^regions . 

The present invention has been made to solve the 
above-mentioned drawbacks of the related artjand it is an object 
of the present invention to provide a display device which is 
capable of performing gamma correction of a video signal 
voltagejjapplied to respective pixels without modulating a ramp 
voltage. 

The above-mentioned and other objects and novel feature 



ires 



of the present invention will become apparent from the^ 
description sse^this specification and/ attached drawings. 

Tq brj-ofly mrplnin tfee^ summary of Ste representative 
k invention^ disclosed in this 



specification^ I limj arenas follows. 

The present invention is directed to a display device 
a* which the dioplay device includes a display part having a 



4 



plurality of pixels, a plurality of video signal lines which 
apply a video signal voltage to the plurality of pixels, and 
a drive circuit which supplies the video signal voltage to the 



plurality of video signal line s » aadThe drive circuit includes 
a storage circuit which stores display data inputted from the 
outside, a reference data generating circuit which generates 
reference data, a ramp voltage generating circuit which 
generates a ramp voltage, a plurality of comparing circuits 
which compare the display data stored in the storage circuit 
and the reference data generated by the reference data 
generating circuit, and a plurality of sampling circuits which 
sample the ramp voltage generated by the ramp voltage 
generating circuit based on a result of comp arison^of the 
comparing c ircu it»ami J7n.it put The sampled ramp voltage^as a video 
signal voltage to respective video signal lines, wherein the 
reference data generated by the reference data generating 
circuit is changed non-linearly with respect to time, 
[flfiort r 

Here, the above-mentioned reference data generating 
circuit includes a selection circuityto which a plurality of 
clocks which have different frequencies from each other are 
inputted^and^selects one clock out of the plurality of clocks 
in response to a selection control signal^ a counter which 
counts clocks selected by the selection circuit and outputs 
the number of counts as fete reference datajjand a control part 
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which transmits the selection control signal^ which indicates 
the clocks to be selected by the selection circuit in response 
to a preset number of counts and the number of counts of the 
counter^ to the selection circuit. 

Further , the control part includes a plurality of 
registers which store Idac^preset number of covm fes , a plurality 
of comparators which compare^ the number o# eoqc cfce stored in 
respective registers and the number of counts of the counter, 
and a control circuit which generates the selection control 
signals in response to ^ij^result of a comparison at the plurality 
of comparators. ^ 

Further, in^the present invention, the ramp voltage 
generating circuit generates a ramp voltage of positive 
polarity and a ramp voltage of negative polarity, and the 
sampling jmea»« samples the ramp voltage of positive polarity 
or the ramp voltage of negative polarity generated by the ramp 
voltage generating imoa - i fr c in response to an alternating signal 



inputted from the outside and the result of comparison of the 
comparing circuits and outputs the sampled ramp voltage to 
respective video signal lines as a video signal voltage. 

Further, according to the present invention , the ramp 
voltage generating circuit generates the ramp voltage of 
positive polarity and the ramp voltage of negative polarity, 
and the sampling circuit .includes 
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^^■^a first sampling circuit^which samples the ramp voltage 
of positive polarity generated by the rairip voltage generating 
circuit in response to an inputted result of comparison of one 
comparing circuit out of two comparing circuits #' 



JL 



^ a second sampling circuity which samples the ramp voltage 
of negative polarity generated by the ramp voltage generating 
circuit in response to an inputted result of comparison of 
another comparing circuit out of two comparing circuits^ 

^ first switching circuit j which inputs the inputted 
result of comparison of one comparing circuit out of two 
comparing circuits to either the first sampling circuit or the 
second sampling circuit and the inputted result of comparison 
of another comparing circuit out of two comparing circuits into 
either the second sampling circuit or the first sampling 
circuit in response to an alternating signal inputted from the 
outsideflj and 



^ a second switching circuit^which outputs the ramp voltage 
of positive polarity sampled by the first sampling circuit to 
one video signal line or another video signal line out of 
neighboring video signal lines as a video signal voltage, or 
outputs the ramp voltage of negative polarity which is sampled 
by the second sampling circuit to another video signal line 
or one video signal line out of the neighboring video signal 
lines as a video signal voltage in synchronism with the 
changeover at the first switching circuit\in response to the 
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alternating signal. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a telook / diagram showing the oohom<!rfa ' d.c 

constitution of a liquid crystal display device according to 

an embodiment 1 of the present invention; 

Fig. 2 is a block diagram showing / - tho — qohomabii 

constitution of fry reference data generating circuit shown in 

Fig. 3 is a X circuit diagram showing *the circuit 
oem L it u L i<JIT5 3£=a ramp voltage generating circuit shown in Fig. 

Fig. 4 is^v^ew^showing the relations hij^b etween a count 
value (Nc) of 1^ counter shown in Fig. 2 and^ frequency of an 
input signal (fin) inputted to the counter; 

Fig. 5 is aj^335w showing a time response of a count value 
of the reference data generating circuit shown in Fig. 1. 
f. 6 is a\«»r showinq a time response of Aira 



Fig. 6 is a^»»r showing a time response of fyramp voltage 
generating circuit shown in Fig. 1; 

Fig. 7 is a ^ circuit diagram showing thu - uiruui t 
<?onctitjigtt». i one example of « ^comparator used in the 



reference data generating circuit shown in Fig. 1; 

Fig. 8 is a truth table of the comparator circuit shown 



in Fig. 7; 



Fig. 9 is a timing chart j[when b=011 is set in the 
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comparator circuit shown in Fig, 7; 

Fig. 10 is a^circuit diagram showing one example of the 
ej^fetrir t oonotitution of tho counter shown in Fig. 2; 

Fig. 11 is a ^circuit diagram showing one example of the 
cirmi t -nons'fc - itution of a control circuit and it selector shown 
in Fig. 2; 

Fig. 12 is a ^circuit diagram showing/ the circuit 
con s titution wh o n - a comparator shown in Fig. 2 is constituted 
^£/a dynamic circuit; 

Fig. 13 is a /circuit diagram showing/ febe — circuit 
oonotitut ion— w hen the dynamic circuit shown in Fig. 12 » 
constituted of thin film transistors; 

Fig. 14 is a /circuit diagram showing /ttee — eircu -ar b 
oonotituti o n when the dynamic circuit shown in Fig. 12 *B 
constituted of thin film transistors; 

Fig. 15 is a /^circuit diagram showing ^ the odroui t 
oon.il i I n i i i >n i M hi'M mi operational amplifier^ which constitutes 
the ramp voltage generating circuit shown in Fig. 3^ 
constituted of thin film transistors; 

Fig. 16 is a /circuit diagram showing /the 



oens-fcitution when an operational amplifier^ which constitutes 
the ramp voltage generating circuit shown in Fig. 3j 
constituted of thin film transistors; 

Fig. 17 is a -fetoefc^ diagram showing ^Lliii iiuhuiuaLxc 
c onstitution of a liquid crystal display device according to 
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the embodiment 2 of the present invention; and 

Fig. 18 is a «±es//\showing one example of ^o i-m uUiu d for 



performing gamma correction. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Hereinafter , embodiments of the present invention oaBBi 
explained in detail in co n junction vyithjj drawi ngs. 

i JLn all^ drawings w hi c h are sewed f o r explaining 
tshe embodiments , parts to whioh ^the same functions aro ^i^on 
are indicated byjsame symbols^ and their repeated explanation 
is omitted. 
[Embodiment 1 ] 

Fig 1 is a la±ac*: diagram showing feho cofaomatiLc 



<3unu Li'L'iirbiUlL-a&E a liquid crystal display device ^ 
embodiment of the present invention. The liquid crystal 
display device of this embodiment is a polysilicon type liquid 
crystal display modul^which f owtic thin film transistors ( TFT ) e2^222T±fl_ 
on a polysilicon layer. 

The liquid crystal display device of this embodiment 
includes a drain driver 100, a timing control circuit 200 , a 
reference data generating circuit 300 , a ramp voltage 
generating circuit 400 , a gate driver 500 and a display part 
800. 

In the display part 800 ,^a plurality of pixels^ which are 
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arranged in a matrix array, drain signal lines Dj which supply 
a video signal voltage to respective pixels, and gate signal 
lines GjWhich supply a scanning signal voltage to the respective 
pixels a sU£=*fetf reed . 

Each pixel includes a pixel transistor (GTFT)^ which is 
constituted of a thin film transistor^and the pixel transistor 
(GTFT) is connected between a drain signal line D and a pixel 
electrode ( ITOl ) , and a gate thereof is connected to a gate 
signal line G. — 

^Between the pixel electrode (ITOl) and a counter 
electrode (also referred to as^" common electrode" y not shown 
in the drawing), liquid crystal is sealed^and^ hence, a pixel 
capacity (CLC) is equivalently connected between the pixel 
electrode (ITOl) and the counter electrode. — ^ 



^ I l ea ? of Tn Fig. 1, for the sake of brevity of 
illustration, only one thin film transistor (GTFT) is shown. 

The drain driver 100 is constituted of a shift register 
110, a latch circuit 120, a latch circuit 130, a comparator 
140 and a sample holding circuit 150. 
[0012^ 

The timing control circuit 200 receives a clock (CLK), 
a horizontal synchronous signal (Hs), a vertical synchronous 
signal (Vs), a display timing signal (DTMG) and display data 
(Di) as input signals^ andjcjenerates signals which control the 
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drain driver 100 , the reference data generating circuit 3 00, 
the ramp voltage generating circuit 400 and the gate driver 

Hereinafter, the driving method <s£ &the liquid crystal 
display device of this embodiment ssr^ explained. 

In general, fo^ preventing t*e degradation of the liquid 
crystal, a liquid crystal display devicejadopts an alternating 
driving method. In the liquid crystal display device of this 
embodiment, as alternating driving method, a dot inversion 
method is adopted. <£<5^rJ^ 



c 



i?s dot inversion method io a driving method in which 



video signals which are applied to tefa© pixels which are arranged 
close to each other assume polarities opposite to each other 
in the row direction as well as in the column direction. 

The shift register 110 is operated in response to a start 
signal (HST) and a clock signa]^ (HCK) transmitted from the 
timing control circuit 2 OO^andi outputs a multi-phase pulse 
which controls the latch circuits 120. 

The latch circuitsl20 , in response to this multi-phase 
pulse, sequentially hold$ the display data (DATA) transmitted 
from the timing control circuit 200^one after another^for one 
horizontal scanning line. 



Upon B eoeiv^ng inputting /of a timing signal (LT)^ which 
is indicative of the completion of transfer of display data 
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for one horizontal scanning 1 ine v t ranomitt od from the timing 
control circuit 200, the latch circuit 130j^holds the display 
data -wf^ the latch circuit 120 at the same timing and at the 
same time. 

The comparator 14 0 compares a quantity of display data 
held by the latch circuit 13 0 and a quantity of &m reference 
data (NCNT) whin tuna arc transmitted from the reference data 
generating circuit 300. 

^To be more specific , the comparator 140 is initialized 
in response to an initializing signal (RS) transmitted from 

A: 

the timing control circuit 200^and, thereafter ^outputs a High 
level (hereinafter referred to as "H level" ) when the reference 
data (NCNT) is smaller than the display data or equal to the 
display data. 

-The reference data generating circuit 300 is an up 
counter which receives the clock (CK) and the initializing 
signal (RS) transmitted from the timing control circuit 200 
as inputs . 

The sample holding circuit 150 receives an output of the 
comparator 140, the alternating signals (M, MB) /^outputs (RAMP1, 
RAMP2) of the ramp voltage generating circuit 400 as inputSv 
and^outputs a video signal voltage to the drain signal lines 
D on the display part 800. 



Miere, the alternating signal (M) and the alternating 
signal (MB) are logic signals which control the polarity of 
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the video signal voltage^ applied to the pixel electrode of the 
display part 800 and have the relationship of inversion^ andj 
hence , their logics are inverted for every line or for every 
frame . 
TV\) I 4 y 

The output (RAMPl ) of the ramp voltage generating circuit 
400 is a ramp voltage of positive polarity^ and the output 
(RAMP2) of the ramp voltage generating circuit 400 is a ramp 
voltage of negative polarity. With respect to respective ramp 
voltages of fchO" runt put (RAMPl) and tho output (RAMP2), their 
absolute values of inclination are set ^ equal to each other. 

The sample holding circuit 150 samples a ramp voltage 
(RAMPl ) la^/the switching element (SWA) or a ramp voltage (RAMP2 ) 
35y)(the switching element (SWB) in response to an output signal 
of the comparator 140 under the control of alternating signals 
(M, MB) and outputs the sampled voltage to the drain signal 
lines (D) as video signal voltages. 

In the case shown in Fig. 1, when the alternating signal 
(M) assumes* H level and the alternating signal (MB) assumes t\ 
L level, the sampled ramp voltage (RAMPl) of positive polarity 
is outputted to the drain lines (Dl) and the sampled ramp 
voltage (RAMP2) of negative polarity is outputted to the drain 
lines (D2) . 



^Further, when the alternating signal (M) assumes^ L level 
and the alternating signal (MB) assumes^ H level, the sampled 
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ramp voltage (RAMP2) of negative polarity is outputted to the 
drain lines (Dl) and the sampled ramp voltage (RAMP1) of 
positive polarity is outputted to the drain lines (D2). 
TtTTTTST — — — - 



Due to such a constitution , the polarity of the video 
signal outputted to the drain lines D can be inverted^ every 
one horizontal line between tfee neighboring drain signal lines . 
In Fig. 1, reference symbol LS indicates a level shift circuit. 

The gate driver 500 is operated in response to a start 
signal (VST) and a clock (VCK) transmitted from the timing 
control circuit 200^ and ^outputs a scanning signal which 
sequentially turns on pixel transistors (GTFT) for one 
horizontal scanning line period to the gate signal lines G of 
the display part 800. 

Dug to - ouch an operation !, images are displayed on the 
display part 800. 

^ " " o-p-^^^\ 



In this embodiment, since the alternating^is performed 
by the sample holding circuit 150, the ramp voltages (RAMP1, 
RAMP2 ) which are outputted from the ramp voltage generating 
circuit 400 can be held at the positive polarity and the 
negative polarity without changing the polarity^ whereby the 
voltage amplitude can be decreased and the power consumption 
can be reduced. 



^Further, the output impedance of the ramp generating 
circuit 400 can be reduced, and^ hence, the delay time can be 
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shortened^ whereby the display images of high quality can be 
obtained. 

In this embodiment , fefee gamma correction is performed 
using the reference data generating circuit 300. — 

< ^ig7 2 is a block diagram showing fefee — ouhematic 



i I ill inn nf the reference data generating circuit 300 shown 
in Fig. 1. 

The reference data generating circuit 300 is constituted 
of a frequency dividing circuit 310 , a selector 320 ,. a counter 



330 , a r^cicteg|^340 y a comparator 350 and a control circuit 

at 

The frequency dividing circuit 310 divides^ frequency of 
the input clock CK and outputs four divided frequency signals 
(fl, f2, f3, f4) . Here, in Fig. 2, RS indicates an initializing 
signal. — N 

The frequencies of ^respective outputs of the frequency 
dividing circuit 310, when f 0 is set as the reference frequency, 
become fl/fO = 1, f2/f0 = 1/2, f3/f0 = 1/4, f4/f0 = 1/8. 

The selector 320, in response to an output signal of the 
control circuit 360, selects one signal (input signal (fin)) 
from }£our divided frequency signals (fl, f2, f3, f 4 ) outputted 
from the frequency circuit 310 and outputs the input signal 
(fin) to the counter 330, 



The counter 330 is an up counter which counts the input 
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signal ( fin) . 

In the register 340 , data for gamma correction (Nl to 
N6) preliminarily stored. In this embodiment, the data 



a^ej stored at six points. 



^ The comparator 350 compares an output value of the 
counter 330 and a value of the gamma correction data stored 
in the register 340.-*-^ 

^The control circuit 3 60 receives an output of the 
comparator 350 as an input and controls the selector 320. 

Fig. 4 shows the relationship between the count value 
(Nc) of the counter 33 0 shown in Fig. 2 and the frequency of 
the input signal (fin) which is inputted to the counter 330. 

^In response to the value (Nl to N6 ) stored in the register 
340 and the count value (Nc) of the counter 330, the frequency 
of the input signal (fin) of the counter 330 is controlled as 
shown in Fig. 4. 

Fig. 5 is a view showing time- sequential response of the 
count value of the reference data generating circuit 300. In 
Fig. 5, reference symbol T indicates time and reference symbol 
Nc indicates the count value. — 



^The^counter 330 is reset in response to the initializing 
signal RS and, thereafter, the frequency of the input signal 

(fin) is changed, as shown in Fig. 4 ,j^f 4-»f 3-»f 2-»f l-»f 2^f 3->f 4 . 
In this case, with respect to the count value (Nc) of 
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the reference data generating circuit 300, the inclination is 
gentle when the frequency of the input signal (fin) is low and 
is steep when the frequency of the input signal (fin) is high. 
As t*fee jresult , the time sequential response of the count value 
of the reference data generating circuit 300 exhibits the 
characteristic|| shown in Fig. 5. 

Fig. 3 is a circuit diagram showing LUu i. in, uit 
o^ftgfeAfart s fea ae^ the ramp voltage generating circuit 400 shown 
in Fig. 1. 

The ramp voltage generating circuit 400 is, as shown in 

Fig. 3, constituted of two ramp generating circuits which 

generate a ramp voltage (RAMP1) of positive polarity and a ramp 

voltage (RAMP2) of negative polarity. — ^ 

^ The ramp generating circuit which generates the ramp 

voltage (RAMP1) is constituted of an operational amplifier 411 , 

an inverter 412 , switching elements (413, 415), a resistor 414 

and a capacitor 416$J while^the ramp generating circuit which 

generates the ramp voltage (RAMP2) is constituted of an 

operational amplifier 421, an inverter 422, switching elements 

(423, 425), a resistor 424 and a capacitor 426. 

With respect to respective ramp generating circuits, 

Aw 

when the initializing signal (RS) assumes a H level, the 
switching elements (413, 423) are turned off and the switching 
elements (415, 425) are turned on. 
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this state , the respective ramp generating circuits 

constitute voltage follower circuitsj and^ hence, ^respective 

outputs assume a ground potential (GND). — ^ 

> ~ ^ ^ 

^Next, when the initializing signal (RS) assumesjL level, 

the switching elements (413 , 423) are turned on and the 

switching elements (415, 425) are turned off, 



<: "Accordingly , the capacitors (416, 426) are charged^and^ 
hence, the ramp voltage (RAMP1) rises along with a lapse of 
time and the ramp voltage (RAMP2) is decreased along with a 
lapse of time. 

'[ UUI J J 

Fig, 6 is a view showing the time- sequential response 
of the ramp voltage generating circuit 400. In Fig. 6, 
reference symbol T indicates time and reference symbol V 
indicates voltage. 

In view of the time-sequential response of the count 
value (Nc) of the reference data generating circuit 300 shown 
in Fig. 5 and the time-sequential response of the ramp voltage 
generating circuit 400 shown in Fig. 6, the relationship 
between the count value (Nc) of the reference data generating 
circuit 300 and the output voltage (V) of the ramp voltage 
generating circuit 4 00 assumes an inverse function of the 
time-sequential response of the count value (Nc) of the 
reference data generating circuit 300. ^ 



c 



That is, the relationship of voltage and transmissivity 



19 



(gamma characteristics) of the driven liquid crystal can be 
corrected by setting the time-sequential response of the count 
value of the reference data generating circuit 300 to fefee ^ 
relationship similar to the gamma characteristics. 

In this manner, according to this embodiment , by changing 
over the frequency of the input signal of the counter 330swhich 
coiTDiri 'fetrfees^ the reference data generating circuit 300^ in 
response to the count value (Nc) of the reference data 
generating circuit 3 00 , the gamma characteristics of the driven 
liquid crystal can be corrected. 

According to this method, the ramp voltages (RAMP1, 

RAMP2) outputted from the ramp voltage , generating circuit 400 

may be always set to a fixed inclination* and* hence, even when 

On ) j 

fcbe^delay is present in the drain signal line D, since an 

absolute value of the error is f ixedj whorciljy the influence te©/y 

the display quality can be reduced. 

Fig. 7 is a circuit diagram showing tfee — ei*eait 
eons t ifeutr3r45H^45f f one example of the comparator 350 used in the 
reference data generating circuit 300. 



^The circuit shown in Fig. 7 is of a comparator having 
a 3 bit input and is constituted of inverters (31, 32, 33), 
OR circuits (34, 45, 36)^ an AND circuit 37 and an SR flip- 
flop 38. 

^In Fig. 7, reference symbols aO, al, a2 indicate signals 
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from the counter 330 and reference symbols bO, bl, b2 indicate 
signals from the register 340. 

( A truth table of the comparator circuit shown in Fig. 
7 is shown in Fig. 8. Fig. 8 doooriboc ^an output c of the AND 



circuit 37. 



^When the count value of the counter 33 0 is increased from 

0, the output c changes 0 to 1 at a point of time that the value 

of b becomes equal to the count value of the counter 330. 

. — ^ 

v By inputting this output c to the SR fS^fe-flop 3 8 , the 

output d assume^H level when the relationship as>b is satisfied. 



Fig. 9^eSews a timing chart ^when the signal b is set as 

b=011 in the comparator circuit shown in Fig. 7. — > 

_ 

^The output c assumes/ H level when the signal is a=011 
and a-111, while the output d of the SR flip-flop 38 assumes^- 
H level when the signals a, b assume the relationship a^b. 

Fig. 10 is a circuit diagram showing one example of the 

circu - it rnnst i . tution of LItc counter 330 shown in Fig. 2. The 

circuit shown in Fig. 10 is a 4 bit counter and is constituted 

of a latch circuit 380 and an incrementer 370. 

The latch circuit 380 is constituted of D-type flip- 
-- 
flops (381 to 384)^andj[is operated in response to the clock 

(CK), the initializing signal (RS) and inputs (eiO to ei3), 

latches the inputs (eiO to ei3 ) at the timing of the clock (CK) , 

and generates the outputs (eoO to eo3). 
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The incrementer 37 0 is constituted of AND circuits (3 75 
to 377) and EOR circuits (exclusive "or" circuit) (371 to 374)^ 
and an output of the incrementer 37 0 is inputted to the latch 
circuit 380 and "1" is added to the latch circuit 380. 

Due to such a constitution it is possible to realize 
ttej^ synchronous -type counter 330 which can add "1" to the output 



of the latch circuit 380 at the timing of the clock (CK). 



^The counter 33 0 shown in Fig. 10 is also applicable to 
the frequency dividing circuit 310. 
Xfi222qr 

Fig. 11 is a circuit diagram showing one example of the 
^ eA-rcuit — cuiiirUi L uLi u n ul — the control circuit 360 and the 
selector 320 shown in Fig. 2. 

The control circuit 360 shown in Fig. 11 is constituted* 
of inverters (361 to 366 ), AND circuits (391 to 395) and OR 
circuits ( 3 96 to 398 ) , wherein the control circuit 300 j|receives 
the output of the comparator 350 as an input thereof and outputs 
selector signals (si to s4). — 



^The selector 320 is constituted of AND circuits (321 to 
324) and OR circuits (325 to ^ 97 ) j J^whege-M fcfee-s^Leed oggsS&fl 
selects one of the output signals (fl to f 4 ) of the frequency 
dividing circuit in response to the selector signals (si to 
s4) and outputs the input signal (fin). 

As mentioned previous ly, the output of the comparator 
350 assumes H level in-order of C1~>C2-^C3->C4-*C5-^C6 . 
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Assuming that the outputs (Cl to C6) of the comparator 350 are 
set toj^L level , the selector signal (si) assumes;! H level^and^ 
hence, due to the AND circuit 321, the frequency dividing signal 
having the frequency of f4 is selected as the input signal 

Next, when the output (cl) of the comparator 350 assumesji 
H leve^^due to the AND circuit 391, the selector signal (s2) 
assumes^ H level ^ and^ hence, due to the AND circuit 322, the 
frequency dividing signal having the frequency of f3 is 
selected as the input signal (fin). 

Hereinafter, in the same manner, the f requenc^dividing 
signal selected by the selector 320 is changed inj order of 
f 4-»f 3^f 2-*f l->f 2->f 3->f 4 . 



Fig. 12 is a circuit diagram showing the circuit 
constitution when the comparator 350 shown in Fig. 2 is 
constituted^ WE a dynamic circuit. 



^The circuit shown in Fig. 12 is constituted of switching 
elements (41 to 48), inverters (52 to 55) and a capacitor 51. 

When the initializing signal (RS) assumes/ H level, the 
switching element 41 is turned off and the switching element 

4 8 is turned onv so that the output d assumes^ L level. 

1 m 

^Next, when the initializing signal (RS) assumes^! level, 

the switching element 41 is turned on and the switching element 

48 is turned of f^and^ hence, an output d is controlled based 
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on a switching element logic provided by the switching elements 
(42 to 47) . 

In the switching element logic, the parallel connection 
constitutes an OR operation and the serial connection 
constitutes an AND operation^ and^ hence, the constitution of 
the switching elements (42 to 47) are equivalent to the 
constitution of the circuit shown in Fig. 7. 

The circuit constitution of the dynamic circuit shown 
in Fig. 12yvhen the dynamic circuit is constituted of thin film 
transistors^ is shown in Fig. 13 and Fig. 14. 



^he circuit shown in Fig. 13 constitutes the switching 
element logic using P-type MOS transistors (hereinafter - 
referred to as PMOS) and the circuit shown in Fig. 14 
constitutes the switching element logic using N-type MOS 
transistors (hereinafter referred to as NMOS). 

Fig. 15 and Fig. 16 are circuit diagrams showing the 
circuit constitution when the operational amplifiers (411, 
421) which constitute the ramp voltage generating circuit 400 

shown in Fig. 3 are constituted of thin film transistors.-*^ 

, — ■ - ■ — ■ ^ -— — 

^-The circuit shown in Fig. 15 is the circuit of the 

operational amplifier used in the ramp generating circuit which 

generates the ramp voltage (RAMP1) of positive polarity, while 

the circuit shown in Fig. 16 is the circuit of the operational 

amplifier used in the ramp generating circuit which generates 
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the ramp voltage (RAMP2) of negative polarity. 

In the circuit shown in Fig. 15, the output transistor 
435 is constituted of a PMOS transistor having •^source t fce ec^ 
connected to^er ground. Due to such a constitution, at the time 
of generating the ramp voltage (RAMPl) of positive polarity, 
it is possible to ensure a current (source current) in the 
outputting direction from a required output terminal^and, at 
the same time, it is possible to raise the output voltage to 
a voltage in the vicinity of «j power source voltage. 

In the circuit shown in Fig. 16, the output transistor 
445 is constituted of a NM0S transistor having a^source 



connected to |t ground. Due to such a constitution, at the time 
of generating the ramp voltage (RAMP2) of negative polarity, 
it is possible to ensure a current (sink current) in t In- 



direction at the required output terminaljand, at the same time, 
it is possible to lower the output voltage to a voltage in the 
vicinity of a negative power source voltage. 

tnn?n] 

[Embodiment 2] 

Fig. 17 is a ^ fad nrk diagram showing the > i.il nil fee 

constitution of a liquid crystal display device according to 
embodiment 2 of the present invention. 

A potrnt ^which makes this embodiment 2 different from the 
previously-mentioned embodiment 1 lies in the constitution of 
the s ampT^^ ^holding circuit 150. 
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In this embodiment, in the istatfeeto Lira sample holding 
circuit 150, .4 buffer amplifier (BAA) which amplifies the ramp 
voltage (RAMP1) of positive polarity and a buffer amplifier 
(BAB) which amplifies "apy ramp voltage (RAMP2) of negative 
polarity are provided so as to drive the drain signal lines 
D using the buffer amplifiers . ^> 



^Asa result, ^^fluctuation of a^load of the ramp voltage 
generating circuit 400 attributed to display images can be 
suppressed^and^hence, images of high quality can be displayed. 

Here, the buff er amplifier (BAA) and the buff er amplifier 
(BAB) are provided for every two neighboring drain signal lines 
(for example, the drain signal line (Dl) and the drain signal 
line (D2) shown in Fig. 17), wherein two drain signal lines 
use the buffer amplifier (BAA) and the buffer amplifier (BAB) 
in common. 




^Accordingly, in this embodiment, to Lhe sample holdin g 
odrcuit 15 ( Hi outputs of two comparators 14 On which correspond , 
to two neighboring drain signal lines^are inputted^ 
[0026] 

Then, due to the operation of switching elements (SWl)^ 
which are controlled in response to the alternating signals 
(M, MB), an output of one comparator 140 is outputted to a 
switching element (SWA) which samples the ramp voltage (RAMPl) 
of positive polarity or^a switching element (SWB) which samples 
the ramp voltage (RAMP2 ) of negative polarity. Simultaneously, 
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an output of another comparator 140 is outputted to the 
switching element (SWB) or the switching element (SWA). 

Further, due to the operation of switching elements (SW2 )^ 
which are controlled in response to the alternating signals 
(M, MB) , an output of the buffer amplifier ( BAA )^ which amplifies 
the ramp voltage (RAMPl) of positive polarity^ is inputted to 
one drain signal line or another drain signal linejand, at the 
same time, an output of the buffer amplifier (BAB)^ which 
amplifies the ramp voltage (RAMP2) of negative polarity, is 
inputted to^ anothor drain signal line orjpne drain signal line. 
[00?7L 

For example, with respect to the case shown in Fig. 17, 
when the alternating signal (M) assumes level and the 
alternating signal (MB) assumes |L level, the output of the 
comparator 140 corresponding to the drain signal line (Dl) is 
inputted to the switching element (SWA) and the output of the 
comparator 140 corresponding to the drain signal line (D2) is 
inputted to the switching element (SWB) . Further, the output 
voltage of the buffer amplifier (BAA) is inputted to the drain 
signal line (Dl) and the output voltage of the buffer amplifier 
(BAB) is inputted to the drain signal line (D2). 

Further, when the alternating signal (M) assumes^ level 

Mm 

and the alternating signal (MB) assumesAH level, the output 
of the comparator 140 corresponding to the drain signal line 
(Dl) is inputted to the switching element (SWB) and the output 
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of the comparator 140 corresponding to the drain signal line 
(D2) is inputted to the switching element (SWA) . Further,, the 
output voltage of the buffer amplifier (BAB) is inputted to 
the drain signal line (Dl) and the output voltage of the buffer 
amplifier (BAA) is inputted to the drain signal line (D2). 

Accordingly , the polarity of the video signal supplied 
to the drain signal lines D can be inverted for every horizontal 
scanning line between feb©~ neighboring drain signal lines. 

As has been explained heretofore, gamma correction 

of the video signal voltage applied to the liquid crystal is 
performed using the reference data generating circuit 300jand^ 
hence , the ramp voltage outputted from the ramp voltage 
generating circuit 400 can have a fixed inclination nnrl hrnrr ; » 
even when a delay is present in the voltage waveform of the 
ramp voltage on the drain signal line D, it is possible to set 
the error to a fixed value \ whereby the present invention is 
applicable to t*»^ drain driver of high accuracy. 



Further , the reference data generating circuit 300 can 
be realized using tdse/logic circuit^and^hence, the reference 
data generating circuit 300 can be easily formed on the same 
substrate as the display part 800. Further, since the data ^ 
for taa gamma correction etee/stored in fcfee>\ register , it is 
possible to set the data^for every product or for every panel 
individually. 
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Further, since the ramp voltages (RAMP1, RAMP 2 ) which 
are outputted from the ramp voltage generating circuit 400 can 
be held at the positive polarity and the negative polar ity^ 
respect ively^without changing the polarity, it is possible to 
simplify the circuity and, at the same time, the ramp voltage 
generating circuit 400 can be formed on the substrate on which 
the display part 800 is formed. 

In this manner, according to the liquid crystal display 
device of this embodiment, by performing isBSb gamma correction 



individually^ or performing fete, temperature compensation which 
changes the correction value in response to temperature, it 
is possible to realize^display of high quality. 

Further, by forming the drain driver and the peripheral 
circuit on the substrate on which the display part 800 is formed, 
the number of parts and the number of connection terminals can 
be reduced^ and^hence, < fetej| display having high reliability can 
be realized. 

Further, since the alternating^is performed by the sample 
holding circuit 150, the ramp voltages (RAMP1, RAMP2) which 
are outputted from the ramp voltage generating circuit 400 can 
be held at the positive polarity and the negative polarity^ 
respectivelyytfithout changing the polarity^ whereby the voltage 
amplitude can be decreased and the power consumption can be 
reduced . 
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Further, the output impedance of the ramp generating 
circuit 400 can be reduced^ and^ hence, the delay time can be 
shortened whereby t*w> display images of high quality can be 
obtained. A 

Here, although the present invention is (explained in 

conjunction with tire ^embodiments^ which are applied to 4Bfae^ 

liquid crystal display module, it is needless to say that the 

present invention is not limited to these embodimentsjyomd -Uiu 

p e e jen'fc^nven'fa ion is applicable to other display devices, such 

) 

as fetejEL display device. 

Although the ^invent ionfr which are made by the inventors 
a» I s pec i f ic a 1 ly ^ oxp 1 a in od based oh fctee ^"embodiments , it is 



needless to say that the present invention! swseinot limited 
to these embodiments andj(various modifications are conceivable 
without departing from the gist of the present invention^. 



To briefly explain j^the advantageous effects obtained by 
<tte typical ^iwonfarijoncM oxset of the invention^ disclosed in this 
specif icationf tdtey-^ar^ Aas follows. 



(1) According to tho diajjluj Juu i itro uf the present 
invention, the data for gamma correction can be stored in fefee^ 
register^ and ^hence, it is possible to set the data for every 
product or for every panel individually whereby^ by performing 



gamma correction individually or by performing 
temperature compensation which changes the correction value 
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in response to temperature at the time of shipping , it is 
possible to realize a display of high quality. 

(2) According to tho dio^lay duuiuiL of - the present 
invention, since the driving circuit can be formed on the 
substrate on which the display part is formed, it is possible 
to realize a highly reliable display^ while reducing the number 
of parts and the number of connection terminals. 

(3) According to th i s diopl « ay device *-xj>£ the present 
invention, the voltage amplitude of the ramp voltage generating 
circuit can be decreased^andjhence, the power consumption can 
be reduced^and, at the same time, the output impedance of the 
ramp generating circuit can be reduced and the delay time can 
be shortened^ whereby display images of high quality can be 
obtained. 
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